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Abstract 
The purpose of this paper is to describe the mandatory approach to the Solar Power Tower Plant (SPTP) with molten salts 
receiver and Thermal Energy Storage (TES), from the energy cost reduction point of view, based on Gemasolar reference (see 
[4]) and SENER’s broad and successfully experience on CSP market (up to date SENER has been involved in 25 different CSP 
projects). 
 
During the last five years, and taking into account the great experience of  Gemasolar plant proven in commercial operation since 
April 2011, (the first commercial high temperature molten salt SPTP, with 19.9 MWe gross power, molten salt central receiver, 
15h storage and 2650 heliostats solar field designed with operating temperatures for cold and hot tanks of 290 and 565ºC), 
SENER has been concentrated on developing new future generation of SPTP with TES system, under the specific objective of 
energy cost-reduction. 
 
SPTP scale-up, together with research & development on key components and industrialization, are the key aspects to get this 
objective.  
  
Especially important are the lessons learned regarding plant operation and annual solar-to-net-electric efficiency. With 3 years of 
commercial experience (since April 2011), SENER has a deep knowledge of the behavior of the plant under all possible 
operating conditions (start up, full load, transient, cloud passage, shutdown), including the performance of each particular 
component (heliostats, receiver, thermal storage, power block, parasitics). 
 
 
* Tel.: +34-94-481-7500: fax: +34-94-481-7632. 
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As a result of this experience, SENSOL software – a tool completely developed by SENER for the techno-economic optimization 
of CSP projects, see [1] and [2] – has been fine-tuned with the results of the plant, achieving a high degree of accuracy in 
performance simulation. 
 
The above indicated facts represent the state of the art of the molten salt tower technology and will be presented during the 
symposium. 
  
This paper deals with the following issues: molten salt SPTP with TES scale-up; next generation for Solar Power Tower Plants 
with storage: cost reduction approach; Gemasolar experience gained and used in the future SPTP design: effect on performance, 
cost and reliability. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer review by the scientific conference committee of SolarPACES 2014 under responsibility of PSE AG. 
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1. Introduction 
Nowadays, the deployment of SPTP technology with Molten Salt (MS) receiver and TES is under the estimations 
projected by the CSP community years ago. Although this type of SPT plants have a higher potential for cost 
reduction w.r.t. Parabolic Trough Plants (PTP) technology using TES, today there is only one commercial plant of 
this kind in operational phase. 
The facility name is Gemasolar (GMSP) plant and is located in Fuentes de Andalucía, Seville province, Spain. 




Fig. 1: GMSP plant. Top right: Power Block. Bottom left: MS Receiver 
The experience gained in GMSP is the basis for the internal development being performed in SENER for the 
future SPT plants, i.e. plants being tendered currently by SENER take the advantage of the lessons learned in GMSP, 
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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as well as of the testing campaign of several new prototypes (heliostat, valves, control strategies…) occurring in the 
facility. 
 
In order to deploy the technology, it is mandatory to achieve a significant cost reduction w.r.t. the existing levels 
today. LCOE of SPTP technology has the potential of being more competitive than the value corresponding to PT 
plants but several actions must be accomplished to be successful.  
Cost reduction strategy in SPT plants must be based on the following pillars: 
x Lessons learned in GMSP, the only commercial plant in the world using MS technology 
x Introduction of new and/or improved components with better cost/efficiency ratio 
x Economy of scale: LCOE significantly decreases when plant size is increased 
x Learning process: experience in former plants, new suppliers, improved processes and equipment 
x Convoy effect: a solar park with several plants has a lower LCOE than a stand-alone plant  
 
The paper deal with the first bullet above: using GMSP experience to reduce the cost of future plants. Sections 
below described in detail this particular approach.  
 
Nomenclature 
CSP Concentrated Solar Power 
DCS Distributed Control System 
GMSP Gemasolar Plant 
LCOE Levelized Cost Of Electricity 
MS Molten Salt 
PM Performance Model 
PT Parabolic Trough 
PTP Parabolic Trough Plant 
SGS Steam Generation System 
SPT Solar Power Tower 
SPTP Solar Power Tower Plant 
ST Steam Turbine 
TEI Torresol Energy Investments 
TES Thermal Energy Storage 
2. GEMASOLAR plant 
GMSP main characteristics are indicated in Table 1 below:  
Table 1: GMSP main characteristics 
PARAMETER VALUE 
Owner TEI (60% owned by SENER Group) 
EPC Contractor (main) and Engineering SENER Ingeniería y Sistemas S.A. 
Number of heliostats 2650 
Mirror aperture area 306658 m2 
Receiver Power 120 MWth 
Turbine Net Power 19.9 MWe 
Storage capacity 15 hours 
Land area 165 Ha 
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GMSP started commercial operation in April 2011, after a 30 month period of construction and commissioning.  
 
GMSP commissioning period was completed in record time, considering the challenge of being the first molten 
salt receiver of this size 120 MWth, with a 360º solar field with 2650 heliostats. The receiver reached full load 
(nominal power and temperature) in less than one month (Steam Turbine hot commission period was 5 weeks) from 
the start of pumping salts to the receiver, and, with more than 42 operation months, it has demonstrated 100 % 
availability. 
 
The solar field has also demonstrated very good figures with an average availability of 99%, increasing the 
captured energy, producing more energy and reducing maintenance costs. Commissioning of the solar field was 
performed with a powerful communication network and a very high automation degree, managing more than 1,2 
million parameters at the solar field. 
 
During commissioning approximately 8000 tons of nitrate salts (60% NaNO3 + 40% KNO3) were molten during 
six weeks in order to achieve the indicated capacity of 15 hours at Steam turbine full load. Molten salt TES provides 
the possibility of maintaining thermal input to power block, including during cloudy conditions, and reducing 
significantly the amount of steam turbine start-ups in a year. 
 
The use of the gas heater during commissioning allowed splitting the commissioning of the solar field & receiver 
from the Steam Generation System (SGS) & Steam Turbine (ST) and to have the Generation train tested, ready and 
in operation when the receiver finished its tests. 
 
SGS and ST values of efficiency achieved in GMSP based on superheated steam have been above the 
expectations. 
 
For further information on GMSP project, see [4]. 
 
 
Fig. 2: GMSP receiver ready to start the preheating 
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3. GMSP performance supervision. SENSOL software 
After GMSP provisional acceptance, a long term performance test commenced in the plant. This test, very 
common in the CSP technology, consists of comparing actual plant output to its expected value, which is calculated 
by a PM. The evaluating period may be 1 month or 1 year, depending on the specific project. This long term 
performance test is currently passed, since plant has been already transferred to the Client. 
 
The PM used in GMSP project is based on SENSOL software, a tool completely developed by SENER for the 
techno-economic analysis of solar projects. For further information on SENSOL software, see [1] and [2]. 
 
It is SENER company (from the EPC Contractor side) who was in charge of plant performance supervision 
during long term performance test. The basic tasks in this period were 1) quantifying the deviation (positive or 
negative) between actual and expected outputs, 2) identifying the sources of this deviation and 3) recommending 
corrective actions in order to improve plant performance. Fig. 3 below shows an example of the generated graphs 
during performance supervision period: 
 
 
Fig. 3: GMSP performance report. 24 hour operation during several days 
Currently, SENER maintains the access to plant operational data. Therefore, performance supervision continues, 
although not contractually related.  
 
The information gathered comes from all plant subsystems: a data file is extracted daily from the DCS with 
hundreds of signals of the different equipment (weather stations, heliostat field, receiver, storage, turbine, cooling 
towers, parasitics). This way, the energy flow from the sun to the grid is fully quantified and analyzed, making 
possible the comparison with the expected plant behavior, given by the PM. For further information on plant 
performance supervision, see [3]. 
 S. Relloso and E. García /  Energy Procedia  69 ( 2015 )  1660 – 1666 1665
4. GMSP Lessons learned 
Many lessons have been learned during GMSP operation period since April 2011 (a unique 3.5 years of 
cumulated experience). The learning process is related to all areas of interest, extracting a more than valuable 
knowledge that will be applied in future plants:  
x Components: mirror facets, actuation mechanisms, local control systems, MS receiver, TES, MS cold and hot 
pumps, turbine, steam generation system, valves and instrumentation, DCS, cooling towers… 
x Operation: startup of solar field and power block, shutdown of solar field and power block, cloud passage 
transient periods (very important for receiver integrity), transition between modes, normal operation, overnight 
stop, outage periods… 
x Maintenance: cleanliness of solar field, turbine overhaul, TES protocols, MS pumps revision, components 
reactive, predictive and corrective maintenance… 
 
One of the most important lessons learned is related to receiver operation: MS receivers used in commercial 
tower applications collect a high amount of energy from the heliostat field per unit area, reaching a concentration 
factor higher than 1000:1. For GMSP:  
 
x Heliostat field mirror area: 2650 x 115.72 m2 = 306658 m2 
x Receiver exposed area: Pi x 8.1 m diameter x 10.6 m height = 270 m2 
x Concentration Ratio (avg) = 306658 / 270 = 1136 
 
The energy concentration occurring on the receiver surface is so high that, if all heliostats in the field were 
pointed to the center of the receiver, incident flux would reach peak levels above 2000 kW/m2. In these conditions, 
receiver tubes would be permanently damaged in a few operation cycles (ratcheting effect; failure occurs very fast). 
Maximum peak flux allowed by the materials currently used for MS receivers is in the range of 1000-1200 kW/m2. 
 
Therefore, MS receiver tower plants apply a heliostat aiming strategy to spread the reflected energy all along 
receiver surface in order to decrease peak incident flux, respecting material limitations.  
 
It is a collateral consequence that this aiming strategy reduces the amount of energy intercepted by the receiver, 
i.e. receiver spillage is increased due to the heliostat spreading. Unfortunately, this cannot be avoided and plant 
annual performance will decrease w.r.t. an –inadequate– operation philosophy not using an aiming strategy. 
 
Images below show receiver operation in GMSP plant. Image on the left shows the particular aim point of each 
heliostat in the field, while pictures on the right are infra-red thermography captures of the receiver. 
 
 
Fig. 4: GMSP. Heliostat aiming strategy (left). Receiver flux maps (right) 
The experience of GMSP has allowed to fine tune SENSOL software in order to accurately simulate the 
following aspects: 
 
x Receiver limitations: these depend on the material, the number of cycles considered and the particular geometry 
of the receiver (tube diameter, wall thickness, number of panels, temperature distribution...). Solar incident flux 
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limit is different in each panel and, at the same time, flux limit depends on receiver output power (directly 
proportional to the molten salt flow through the receiver) 
x Heliostat aiming strategy: this is directly dependent on receiver flux limitations and must be implemented into the 
performance simulation tool, i.e. the simulation tool must aim each heliostat in the field to a particular point on 
receiver surface each time step of the process in order to calculate energy spillage on receiver accurately 
 
This specific issue (fine tuning of the model to consider receiver flux limitations and heliostat aiming strategy) is 
particularly important since not considering receiver limitations in the simulation leads to a non-realistic 
overprediction in annual performance. 
 
Due to confidentiality issues, further details on lessons learned in GMSP will be presented during the 
symposium. 
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